Oil palm fronds (OPF) are potential resources for production of biomass-based chemicals such as furfural, levulinic acid, and 5-HMF due to its large abundance. Although there are various conventional methods for biomass conversion, they suffer from low yields as well as extreme reaction severity due to the usage of mineral acids as catalyst. A new method using subcritical alcohol can be an alternative. Hence, the aim of this study is to determine the feasibility of using subcritical alcohol for furfural production from OPF. The study will also determine the effect of reaction parameters such as reaction temperature, time, and types of alcohol towards the yield. From the study, it is concluded that high furfural yield can be achieved at milder temperature and moderate reaction time under subcritical conditions. The yield obtained is comparable with other conventional methods indicating that subcritical alcohol technology has the potential for furfural production.
Introduction
The exponential development of palm oil industries . The most abundant biomass generated from oil palm plantations are oil palm trunks (OPT), OPF, empty fruit bunches (EFB), palm kernel shells (PKS), and palm pressed fibres (PPF). 10.88 tons of OPF are produced for each hectare of oil palm plantation 5) 6) .
OPF is generally constituted of 30.4 wt% cellulose, 40.4 wt% hemicellulose, and the rest are lignin and extractives 7) . However, the biggest challenge in the conversion of lignocellulosic biomass is due to the complex polymer structure whereas a sufficient pre-treatment is needed to break down the biomass structure, eliminating the lignin content, increasing the surface area, and reducing the crystalline of cellulose 8) 9) . Therefore, it is vital to unravel these polymer structures for maximum conversion of biomass to valuable chemical products. . However, the challenge of furfural production from biomass lies in developing economically efficient as well as environmentally friendly technology to convert the lignocellulosic biomass into fuels and chemicals.
Biomass liquefaction under sub-and supercritical conditions has been extensively reported as one of the alternative processes. .
Although the feasibility of using sub-and supercritical alcohol towards biomass conversion to bio-based chemicals has been established, there is very few attempted studies to determine and compare the effect of these alcohols as reaction medium towards furfural production from biomass.
In our previous studies, we established the existence of competitive mechanisms during the reaction .
In this study, we focused on the feasibility of using lower reaction temperature. We proposed the usage of two types of subcritical alcohol (ethanol and methanol). Different types of alcohol will influence the product yield due to the changes in its dielectric constant, which increases the solubility and diffusivity of many compounds in the reaction media. At ambient temperature, ethanol and methanol has dielectric constant of 25.02 and 33.15, respectively 21) .
Dielectric constant is largely determined by the size of alkyl chain of the alcohol. Longer alkyl chain results in lower value of dielectric constant 22) . Therefore, the main purpose of this study is to do comparison on the effects of different alcohol solvent (methanol and ethanol) towards the reaction. In addition, the effects of reaction temperature and time towards furfural yield under these conditions are also investigated.
Experimental

Raw Materials and Chemicals
OPF was obtained from FELDA plantation in Negeri
Sembilan, Malaysia. The dried biomass samples were initially grinded before sieved to obtain uniform particle size. Prior to experiment, the biomass samples were dried in oven at 105 °C for 12 h to remove any residual moisture. Methanol and ethanol (analytical grade) from R&M Chemicals (United Kingdom) were used in this study.
The reference standard for Furfural (analytical grade) was obtained from Sigma Aldrich (Honeywell Specialty Chemicals, Malaysia). Meanwhile, Acetonitrile (HPLC grade) from R&M Chemicals were used for analysis purposes.
Method and Analysis
The reaction was conducted in a mini batch reactor Reaction temperature, reaction time and different types of solvents were varied to study their effects on the 
Results and Discussion
Effect of Temperature
Thermal liquefaction is a chemical reaction in which the complex matrix between the structural frameworks of plant is broken down at certain range of temperatures.
In our study, two types of alcohol (methanol and ethanol)
were used at different temperatures (100 °C -230 °C)
under sub-critical conditions. In any thermochemical processes, the most significant parameter towards the reaction is temperature. Fig. 1 (a) and (b) shows the effect of temperature towards furfural yield for different types of alcohol.
Both Fig. 1 (a) . This is consistent with the results shown here, less than 10% of furfural yield was obtained at 100 °C.
Theoretically, temperature enhanced kinetic energy attributed to the faster movement of molecules. Thus, it increases the molecules movement, and the ability of alcohol under subcritical conditions to readily dissolve and to break the linkages between the carbohydrates, resulting in higher furfural yield at 230 °C. Besides, the lower dielectric constant for higher temperature decreased the polarity of solvents. Therefore, a more compatible reaction medium for both polar and non-polar substances could be obtained which resulted in higher furfural yield. This is in agreement with a few studies that concluded furfural yield is enhanced with high temperature 24) 25) . However, these studies also .
Effect of Reaction Time
The effect of reaction times towards the furfural yield at different temperatures is shown in Fig. 2 products from reactions between furfural and xylose. They further concluded that the cause of the furfural degradation is due to the second reaction and longer reaction time enhanced this side reaction. Xylose dehydration to furfural occurred at higher rate while rate of furfural degradation was found to be relatively slow. They also constituted the furfural distribution was solely dependent on the bidirectional mass transfer rates (xylose to furfural) and thermodynamic instability did not influenced any kinetics or paths. This similar finding is in agreement with studies by Agirrezabal-Telleria et al. (2011) 33) and Dussan et al. (2013) . Although several studies claimed that the effect of reaction time is less significant compared with temperature, it is found in this study that reaction time affected the yield of furfural 37) ～ 39)
.
Effect of Types of Subcritical Alcohol
The usage of high temperature and pressure in supercritical water technology becomes a barrier due to the severity of the reaction conditions. Subcritical alcohol can be ideal replacement since it possesses similar properties but at more accessible temperature and pressure and inherently high tunability tailored to the reactions 40) . Most of studies focused on supercritical alcohol technology and only few studies on the near-critical region. There is current limitation in the knowledge of furfural production nearcritical area and the suitability of alcohols as a reaction medium. Fig. 3 (a) and (b) illustrated the finding.
The difference in furfural yield obtained from different types of biomass could be attributed to the difference in xylose content 32) . In addition, the ability of the reaction medium to readily access the sugar monomers and break the linkages between complex compounds, is another factor to be considered. Based on the result shown in Fig.   3 (a) and (b), higher furfural yields were obtained with subcritical ethanol compared to subcritical methanol for all temperatures except for 100 °C.
Similar studies by Koll et al. (1979) . Therefore, we concluded that the low furfural yield obtained in this study could be attributed to the moderate reaction temperature and low pressure. Using subcritical alcohol, the reactions are .
In this condition, subcritical ethanol can be considered as a good hydrogen-bond donor, an effective solvent in any conventional reaction with less corrosive and more reactive compared to subcritical methanol.
Conclusion
The production of furfural under subcritical alcohols from OPF was achieved in this study with highest furfural yield of 30%. It is concluded that the production of furfural from OPF is affected by reaction temperature, time, and types of alcohol. Ethanol is more effective in this reaction compared to methanol. The high potential of furfural production from subcritical alcohol at milder reaction temperature and pressure are demonstrated in this study. States, Eds, pp. 34-40 (2004) 
